Keggin heteropoly acids supported on solids with different nature were used in the Biginelli reaction in order to obtain dihydropyrimidones. The results show that the activity of the catalysts is dependent on the supports used to obtain the catalysts. This method consistently has the advantages of excellent yield, mild reaction conditions, ease of workup, survival of different functional groups, and short reaction times.
Introduction
3,4-Dihydropyrimidin-2(1H)-ones (DHPMs) have recently emerged as important target molecules duo to their therapeutic and pharmacological properties [1] , such as antiviral [2] , antimitotic [3] , anticarcinogenic [4] , antihypertensive activity [5 -6] , and noteworthy, as calcium channel modulators [7] . Moreover, several alkaloids containing the dihydropyrimidine unit have been isolated from marine sources and exhibit interesting biological properties [8] . The Biginelli reaction is the most straightforward and simple protocol for the synthesis of DHPMs, and involves a one-pot, but low-yield (25 -60 %) condensation of β -dicarbonyl compounds with aldehydes and urea in the presence of a strong acid [9] . Subsequent multistep syntheses [10, 11] have afforded somewhat higher yields but do not have the simplicity of the original one-pot Biginelli protocol. Recently, several improved procedures have been reported [12 -16] using Lewis acids as well as protic acids as promoters. However, in spite of their potential utility, many of these methods involve expensive reagents, stoichiometric amounts of catalysts, strongly acidic conditions, long reaction times, unsatisfactory yields, and incompatibility with other functional groups. In a previous study [17] , it was shown that heteropoly acids (HPAs) are good catalysts for organic synthesis. Among many other solid acid 0932-0776 / 08 / 0200-0178 $ 06.00 © 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com systems, HPAs having Keggin-anion structures have received the most attention due to their simple preparation and strong acidity [18, 19] . Especially dodecatungstophosphoric acid (PW) is the most extensively studied [20, 21] , since it possesses super acidity [22] . However, some of the major problems associated with HPAs in the bulk form are their low efficiency due to low surface area, rapid deactivation, and relatively poor stability. Attempts to improve the efficiency and stability of HPAs have been made by using various supports. In this context, we had brought out the efficacies of carbon, K 10, and KSF montmorillonite as suitable supports for HPAs in a one-pot synthesis of DHPMs.
Results and Discussion
At first the three-component condensation reaction of benzaldehyde, ethyl acetoacetate and urea was performed in the presence of catalytic amounts of supports only ( tive site accessibility, three supported HPAs were produced. It was found that the HPAs supported on K 10 showed poor effect to improve the yield of the product (Table 1 , entries 5 -7). When using KSF and carbon as supports, the results seemed to be better. To establish the optimal conditions, a set of experiments varying the weight percent of PW on the solid, the catalyst loading, and the solvent were carried out ( 18 -20) . When the reaction was performed at r. t., the yield of the product was low (Table 1, entry 21), thus, all further reactions were performed at 80 • C. Encouraged by these results, several substituted aromatic, aliphatic and heterocyclic aldehydes, different β -dicarbonyl compounds and urea or thiourea were examined under the optimized conditions (Table 2) . Compared to the classical Biginelli method [9] an important feature of the present protocol is the ability to tolerate the variation in all the three components. Thiourea has been used with similar success to provide the corresponding dihydropyrimidin-2(1H)-thiones ( Table 2 , entries 24 -30) which are also of much interest with regard to biological activity [13] . The reaction conditions are mild enough to tolerate sensitive functionalities such as a conjugated C=C bonds and heterocyclic moieties without the formation of any side products, which are normally observed in the presence of protic acids due to their polymerization under acidic conditions. The catalyst can be filtered off after the reaction, and after washing the solid residues with acetone, the remaining material can be reloaded with fresh reagents for further runs. Low loss of activity was observed demonstrating that supported PW can be reused as a catalyst in the Biginelli condensation (Table 3) .
Conclusion
In summary, supported HPAs were found to be highly efficient, reusable, inexpensive and ecofriendly solid acid catalysts for the synthesis of dihydropyrimidin-ones or -thiones. High yields of the products, short reaction times, mild reaction conditions and a simple experimental procedure and product isolation make this protocol complementary to the existing methods. An important feature of the present protocol is the ability to tolerate the variation in all the three components, and the absence of side products in any run. 
Experimental Section

Preparation of the catalyst
The catalysts were prepared using solutions of dodecatungstophosphoric acid (PW), dodecatungstosilicic acid (SiW), or dodecamolybdophosphoric acid (PMo). The solutions were used to impregnate activated carbon, KSF, and K 10 montmorillonite as supports.
For the preparation of HPA/KSF (or HPA/K 10), KSF (or K 10), montmorillonite was dried in an oven at 120 • C for 2 h prior to its use as support. The appropriate amount of HPA (according to the weight percent of HPA relative to the support) was dissolved in 4 mL of dry methanol and added dropwise to 5.0 g of predried KSF (or K 10) with constant stirring to produce the supported catalyst.
For the preparation of PW/C, carbon was first subjected to an acid and base treatment to remove impurities. The catalyst was prepared by the pore filling impregnation technique with PW solutions. After the impregnation, all catalysts were dried at r. t. for 24 h and calcinated at 200 • C for 3 h.
